Background: Parkinson's disease (PD) is a progressive neurodegenerative disease of aging. Optical coherence tomography (OCT) is a simple noninvasive imaging technique to estimate the retinal nerve fiber layer (RNFL) thickness. The aim of this study is to measure the changes of the RNFL thickness in patients with Parkinson disease in comparison with the control group and to detect the relationship between these changes in RNFL with cognitive functions and physical disability in Parkinson patients. Methods: 20 PD patients (40 eyes) and 20 healthy persons (40 eyes) were enrolled according to the defined criteria. The diagnosis of the patient's Parkinsonism was done according to the brain bank clinical diagnostic criteria for idiopathic Parkinsonism and the severity of the disease was assessed using the Hoehn and Yahr scale. The Montreal Cognitive Assessment (MoCA) was used for cognitive evaluation in all participant subjects. Quality of life was evaluated by Parkinson's disease questionnaire-39 (PDQ-39). Optical coherence tomography (OCT) was done for all patients and control subjects. Results: The mean RNFL thickness was significantly reduced in Parkinsonian patients with cognitive impairment (73.64±1.81 μm) when compared with those without cognitive impairment (77.25±4.53 μm) and control subjects (84.1±6.98 μm) (P < 0.001). The retinal thickness reduction was statistically significant in superior and inferior quadrants of the retina (P < 0.001, P =0.03 respectively).The thickness of the superior RNLF correlated significantly with both the Montreal Cognitive Assessment (MoCA) (r = 0.59; P < 0.001) and the mobility scores according to PDQ 39 scale (r= -0.39; P=0.012). Conclusion: Parkinson disease is associated with distinct retinal pathological changes. OCT seems to be a sensitive tool for detecting these retinal changes and correlated significantly with the progression and severity of Parkinson disease.
Introduction
Parkinson's disease (PD) is ranked as the second common neurodegenerative disorder following Alzheimer disease [1] . Over 1% of the population above 65 years are affected by this disease, such incidence is expected to be doubled by the year 2030 [2] . Cognitive impairment is one of the non-motor manifestations of Parkinson's disease [3] . Ophthalmic deficits include decreased visual acuity [4] , abnormal electro retinographic patterns [5] , visual hallucinations, and altered color perception [5] . The underlying etiology of these visual manifestations is not fully understood [6] .
Dementias whether cortical or subcortical, both are exhibited in PD; affecting mostly the execution function at an early stage, which appears to deteriorate parallel to the motor degeneration and correlated with the severity of motor system affection [7, 8] . Visual-spatial ability, attention, and memory changes are affected in the later stage of the disease [9] .
Histo-pathological changes occurring in the retinal nerve fiber layers (RNFL) can be seen in several neurodegenerative diseases and because the retina has a common embryologic origin of the brain, it considered as the peripheral extension of the brain. This is why the retina is used for the assessment of neurodegenerative disorders [10] . Optical coherence tomography (OCT) is used for assessment of the thickness of RNF [11] . Quantification of axonal loss can be estimated by measuring OCT peri-papillary RNFL which allows the indirect estimation of retinal ganglionic cell layer (RGC) impairment [12] .
Axonal loss monitoring is essential in parkinsonian patients as it can predict long-term outcomes and disability progression. Consequently, the principal goal of this work is to investigate the association between OCT parameters, cognitive functions, and physical disability in these patients.
Subjects and methods

Patients and setting
This was a prospective observational case-control study, conducted in the neurology and ophthalmic departments of Zagazig University Hospitals, Egypt, from February 2017 to May 2018. Twenty patients with Parkinson's disease (PD) (mean age 63.2 ± 5.50 years; age range 52-73 years, 10 males and 10 females) were included after 2 years of the appearance of motor symptoms (the median disease duration was 6.53 ± 3.07 years).
The diagnosis of the patient's Parkinsonism was done according to the brain bank clinical diagnostic criteria for idiopathic PD [13] . Disease severity rating was assessed according to Hoehn and Yahr . [14] . Patients with atypical or other Parkinson syndromes and those with a history of other neurodegenerative diseases such as Alzheimer's disease (AD) and those with multiple sclerosis (MS) were excluded. Also, patients with a history of cognitive impairment in the first year of motor symptoms were excluded. Also, we excluded the presence of any retinal diseases affecting the retinal thickness such as age-related macular degeneration and diabetic retinopathy, individuals with media opacity interfering with the imaging process.
Other study participants consisted of 20 age-and sexmatched ophthalmologically and neurologically healthy subjects (mean age 62.4 ± 6.96 years; age range 51-73 years, 11 males and 9 females) who were considered as controls. We obtained written informed consent from all patients and controls.
All study participants underwent complete ophthalmologic testing; including assessment of visual acuity and color vision, slit lamp examination, intraocular pressure measurement, visual field assessment, and funduscopy.
Peripapillary RNFL thickness was obtained using the spectral domain OCT device NIDEK RS-3000 Advance (NIDEK, Gamagori, Japan). Pupils were dilated before the examination. Optic disc cube scan protocol was used. Peripapillary RNFL thickness along a circle 3.4 mm in diameter centered on the optic disc was obtained. Two main output maps were used in the analysis (Fig. 1) . The first is the whole thickness map. It gives the average peripapillary RNFL thickness along the whole circumference of the circle. The second is the quadrant map. It divides the peripapillary area into four quadrants and gives the average thickness of each of them. In the two maps, the machine compares the thickness obtained to a normative database and gives green color for probability > 5%, yellow color for probability < 5% and red color for probability < 1%.
For a rapid evaluation of the cognitive functions, we used the Montreal Cognitive Assessment (MoCA) Fig. 1 Outprint of optic disc cube scan by NIDEK RS-3000 Advance machine. The whole thickness map (Whole). The quadrants map (TSNIT). The RNFL thickness is outside the normal limit in the right eye (superior quadrant) [16] . A 39-item questionnaire assesses 8 dimensions of quality of life (QoL) including mobility, activities of daily living (ADL), emotional well-being, stigma, social support, cognition, communication, and bodily discomfort. The scores from each dimension are summated into a total score ranging from 0 (best, i.e., never have difficulty) to 100 (worst, i.e., always have difficulty).
Statistical analysis
All the statistical tests were done using the statistical package of social science (SPSS version, 22) [17] . Qualitative data were presented as number (N) and percentage (%). Quantitative data were expressed as mean (M) ± standard deviation (SD). Chi-square test (χ2) test was used to compare between groups. Spearman's correlation analysis was done to patient's parameters with cognitive functions and with retinal nerve fiber layer thickness. All tests were twosided and P < 0.05 was considered statistically significant.
Results
Demographics and clinical characteristic
The study population included 20 patients with Parkinson's disease according to UK Parkinson's disease society brain bank criteria (2006). Ten males and 10 females with mean age 63.2 ± 5.5 years and range (52-73 years) and 20 healthy age and gender-matched control group (9 females and 11 males) with mean age (62.4 ± 6.96 years) range (51-73 years). There was no significant difference between patients and control groups regarding diabetes mellitus and hypertension (Table 1) . Patients had a mean duration of illness 6.53 ± 3.07 years and a mean severity scale of 2.9 ± 0.90 (Table 1) .
Cognitive functions assessed by the Montreal scale yield that 70% of PD patients had cognitive impairment (MoCA ≤ 26) with a mean score of 23.5 ± 3.43 which was statistically significantly lower than the control group 28.7 ± 1.27 (P < 0.001) ( Table 1) . RNFL data were available for both eyes of 20 patients (40 eyes) and 20 control (40 eyes) ( Table 2) . RNFL thickness was significantly lower in PD patients with cognitive impairment, and this difference was of statistically significant difference in superior (P < 0.001) and inferior quadrants (p = 0.003) and total thickness (P < .001) ( Table 2 ).
Bivariable correlation
There was a significant negative correlation between cognitive functions given by MoCA score and age (P = 0.04) and duration of illness (P = 0.04) and a highly significant negative correlation with the severity of illness (P < 0.001). However, decreased cognitive functions had a significant positive correlation with RNFL thickness in the superior quadrant only. Other quadrants have a positive correlation but with no significant value (Table 3) .
According to PDQ 39 scale, superior quadrant RNFL thickness has a significant negative correlation with mobility (P = 0.012), ADL (P = 0.012), stigma (P = 0.02), social support (P = 0.04), cognition (P < 0.003), communication (P < 0.001), and bodily discomfort (P = 0.03). Also, inferior quadrant RNFL thickness has a significant negative correlation with mobility (P = 0.03); otherwise, there was no significant correlation between RNFL thickness and PDQ 39 scale (Table 4) .
When we correlated OCT findings to other clinical data of patients, they revealed that the superior quadrant RNFL thickness had a significant negative correlation with the duration of illness (P = 0.002) and age (P = 0.004) and the severity of illness (P = 0.001). Also, inferior quadrant RNFL thickness has a significant negative correlation with the duration of illness (P = 0.02). Also, total thickness had a significant negative correlation with age (P = 0.02) and severity of disease (P = 0.03) ( Table 4) .
Discussion
Developing biomarkers for Parkinson disease to predict the clinical progression and the expected disability may 
improve the management of those patients and can be helpful for evaluating the effectiveness of the therapy [18] . RNFL thickness can be considered as a promising tool detecting the progression of many neurodegenerative diseases [18] .
In this study, we evaluated the relationship between the changes in RNFL thickness, cognitive dysfunction, and physical disability in Parkinson patients. Our data indicated that cognitive impairment using the Montreal scale was more common in Parkinson patients (P < 0.001) in context with Aarsland et al. [19] and Litvan et al. [20] who reported that cognitive impairment is apparent in many cases from early stages. The risk of dementia in Parkinson's disease patients is six times higher than in the healthy population [21] .
Cooper et al. [22] suggested that the pathological mechanisms of cognitive impairment of Parkinson disease could be related to the extrastriatal dopaminergic system dysfunction or non-dopaminergic system disturbances. Cerebral mitochondrial abnormalities of PD are associated with synaptic protein dysmetabolism that could trigger cell damage and cortical atrophy, leading to cognitive dysfunction.
Compared to the control group, we found more attenuation of RNFL thickness in all quadrants in PD patients.
This attenuation was of significant difference at the superior (P < 0.0001), inferior quadrant (P = 0.003), temporal (P < 0.05), and total thickness (P < 0.0001). Our results are strengthened by previous studies that reported marked thinning of RNFL thickness in patients with Parkinson disease. Tsironi et al. [21] in their meta-analysis showed a statistically significant reduction in RNFL thickness in all quadrants of PD patients. Also, Moschos et al. [23] found a significant thinning in the inferior and temporal quadrant of the RNFL thickness. Other reports revealed that there was a clear reduction of RNFL thickness in superior and inferior quadrants in PD [24] . Yu et al. [18] in their meta-analysis found a significant thinning of RNFL in the temporal quadrant.
To clarify the retinal pathological changes of RNFL thinning in PD, Garcia-Martin et al. [25] reported that PD is characterized by the death of pigmented dopaminergic neurons of the substantia nigra with concomitant retinal dopaminergic neuronal loss. These dopaminergic retinal cells are located in the inner nuclear layer of the retina, communicating with other amacrine cells, modulating the connection between bipolar and retinal ganglion cells and providing input to the retinal ganglion cells. The retinal ganglion cells degeneration would mediate the reduction of RNFL thickness, which can be detected by OCT in patients with PD [26] . OCT technology could detect accurate measurement of retinal layer thickness that indicates the number of retinal cells and its dopaminergic activities [27] . In addition, Djamgoz et al. [28] in their study added that RNFL thinning could be considered a strong indicator of axonal damage in PD.
Another explanation for RNFL thinning in Parkinson disease by Jindahra et al. [29] , who demonstrated that posterior visual pathway pathological changes occurred during the course of the disease and could be evaluated by OCT. These changes include retrogeniculate ganglion degeneration with retrograde transsynaptic degeneration of retinal ganglion cells and their axons resulting in RNFL thinning [29] . Recently, it was proved there is α-synuclein deposits in the retina of PD patients with a significant reduction of foveal and macular thickness and marked RNFL thinning [30] . 
To evaluate the relation between the degree of RNFL thinning and cognitive dysfunction, we found more reduction of RNFL thickness in PD patients with cognitive impairment in comparison with those without cognitive impairment. This reduction was of significant value in the superior, inferior quadrant, and total thickness. In addition, our results revealed that RNFL thinning in superior quadrant correlated significantly with cognitive decline in PD patients. This is in context with Shen et al. [31] who reported that marked thinning of superior RNFL was highly associated with cognitive deterioration. Liu et al [32] reported great thinning of the superior and inferior quadrant in Alzheimer's disease compared to normal. Furthermore, Khawaja et al [33] found RNFL thickness was significantly correlated with several cognitive domains.
Evolving data supported the presence of many cerebral pathologies of dementia which occur in the retina of PD patients [34] . Histopathological studies showed the accumulation of beta-amyloid (Aβ) plaques with the presence of hyperphosphorylated tau in the inner retinal layers [35] which are closely similar to cerebral amyloid plaque existed in AD [36] . Therefore, the amyloid deposition in the retina results in retinal ganglion cell degeneration, which could be associated with the related amyloid neurodegeneration in the brain [37] . Moreover, La Morgia et al. [38] proved that there is a subgroup of the retinal ganglion cells that contain melanopsin photoreceptors [melanopsin-containing retinal ganglion cells (mRGCs)] controlling the circadian photoentrainment to the light/ dark cycles. They stated that RGC degenerations by amyloid plaques causing circadian dysfunction in PD patients which were associated with OCT changes.
Kirby et al. [39] reported that damage of retinal parvo and magnocellular cells was attributed to retinal amyloid deposits which lead to visual problems and visuospatial dysfunction in dementia. Another finding in AD, the related retinal angiopathic changes include narrowed veins, increased tortuosity, and reduction of blood flow which are similar to cerebral vascular related changes [40] .
Anatomically, Liu et al. [32] provide a possible explanation for selective RNFL thinning in superior quadrant reporting that axons from superior retina project to the cuneal gyrus of the primary visual cortex; however, those from inferior retina project to the lingual gyrus. Armstrong [41] in his histopathological study of AD discover more accumulation of Aβ plaques and neurofibrillary tangles in the cuneal gyrus than in the lingual gyrus, suggesting that differences might explain marked thinning of superior retinal fibers. While Carelli et al. [42] reported that inferior and temporal retinal sectors are highly susceptible in neurodegenerative disorders.
In the present study, cognitive dysfunction in PD patients was significantly correlated with age, duration, and the severity of the disease. Approximately, 80% of PD patients developed dementia after 15-20 years [43] . Different studies pointed at the strong association between the severities of motor symptoms and cognitive dysfunction [44] . PD patients with axial symptoms, gait disturbances, and motor symptoms, that are refractory to the dopaminergic treatment, have a high tendency to develop severe cognitive decline [45] .
Our results clearly revealed significant negative correlations between superior and total RNFL thickness with the duration and severity of the Parkinson disease. The results of Moschos et al. [23] and Tsironi et al. [21] are in line with our findings. Also, Garcia-Martin et al. 2014 [27] reported that the retinal fibers thinning could be the predictor of significant axonal damage in PD and added that the negative correlation between the thickness of RNFL and patient's scores of Hoehn and Yahr scale is indicating that PD patients with axonal damage have a great tendency to develop aggressive PD. This study showed that in PD patients, there was a significant association between superior RNFL thinning and the deterioration in the quality of life using PDQ39 scale (mobility, ADL, stigma, social support, cognition, and bodily discomfort). Following our results, Garcia-Martin et al. 2014 [27] reported that marked impairment of RNFL thickness was associated strongly with lower quality of life and severe Parkinson disease. In PD, loss of dopamine has dangerous effects on physical mobility and reward-seeking behavior. It is suggested that reduced dopaminergic input to retinal ganglion cells, resulting in excess glutamate and glycine production that possibly cause marked atrophy of the retinal nerve fibers [24] .
Conclusion
Parkinson disease is associated with distinct retinal pathological changes. OCT seems to be a sensitive tool for detecting these retinal changes and therefore detecting the progression and severity of Parkinson disease. 
